Summary.-Leukaemogenesis induced with chemical carcinogens and hormones was studied in intact and ovariectomized mice of the ICRC strain which is susceptible to spontaneous development of both breast cancer and leukaemia and the Strong A strain susceptible only to breast cancer and not to leukaemia. In ovariectomized females oestradiol was administered at two dose levels (i)]l Hg oestradiol/day for 30 days, (ii) 10 ,ug oestradiol/day for 30 days. The effect of oestradiol (1 ,tg/day) and progesterone (1 mg/day) for 30 days was also studied. In one group, two pituitaries of the syngeneic male mice were implanted subcutaneously on the right inguinal pair of mammary glands. Enhancing effect of 20-MCA on leukaemogenesis was seen in intact strain ICRC mice and not in ovariectomized mice. However, administration of hormones, either oestradiol alone or in combination with progesterone, or by the way of pituitary grafts, to these carcinogen treated ovariectomized females increased the incidence of leukaemia with a shorter latent period. Although 20-MCA could induce leukaemogenesis in Strong A ovariectomized females, further treatment with hormones, either with pituitary graft or with oestradiol, failed to promote leukaemogenesis. The highest leukaemia incidence in strain A ovariectomized females was observed in the group treated with a balanced dose of oestradiol and progesterone. The present experimental findings in the ICRC and Strong A strains suggest specific differential responses of different strains of mice to the action of carcinogen and hormones for the induction of leukaemogenesis.
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BIOLOGICAL studies of mouse strain ICRC, developed at the laboratories of the Cancer Research Institute, Bombay, have established susceptibility of this strain for two spontaneous lesions, mammary cancer and lymphocytic leukaemia, both being of viral aetiologv. About 25% of females develop both the lesions simultaneously (Ranadive, Karande and D'Costa, 1972) . In the ovariectomized females the breast cancer is totally controlled (Ranadive and Kanekar, 1963; Ranadive and Karande, 1970; Karande, Sheth and Ranadive, 1970) and the acceleration of leukaemogenesis is noted in old animals (Pai and Ranadive. 1971) .
The ICRC ovariectomized mice were used for further studies of hormonal factor in experimental induction of mammary cancer and leukaemia. The strain Strong A, showing characteristic responses to hormonal factor and chemical carcinogens (Ranadive and Waravdekar, 1955; Ranadive and Hakim, 1958;  Ranadive and Karande, 1963; Karande, Mistry and Rangan, 1968) Cellular, as well as acellular. extracts of the tumourous organs of some of the females from different experimnental groups were prepared and kept in continuous transplantation. All the chemical and horinoine in(luced leukaenic lesions tested wvere successfully transmitted in syngeneic mice, and these data will be reported elsewhere.
RESULTS

Leukaemogenesis in ICRC miiice
The data are presented in Table I . The animals from the experimental groups were killed when they showed positive symptoms of leukaemia, i.e. an enlarged palpable spleen or diffictulty in breathing due to enlarged thymus. Most of the carcinogen and hormone treated animals had to be killed between the age of 4 and 10 months because of the disease.
The leukaemia incidence in normal intact and castrated females was 12% and 340o respectively (Pai and Ranadive, 1971) . In most of these animals the disease developed after 7 months of age. On carcinogen treatment the leukaemia incidence in intact virgins increased to 4600 whereas in castrates the incidence was 32%o, thus indicating no specific effect of 20-MCA on leukaemogenesis in ICRC castrates. Addition of hormones by means of pituitary transplants increased the leukaemia incidence to 62%.
With a low dose of oestradiol the incidence of leukaemia was 710. The highest leukaemia incidence was noted in the group of females receiving a high dose of oestradiol, the incidence being 810%. to note that the groups of females which received carcinogen treatment only usually showed enlargement of spleen or liver and/or lymph nodes, whereas the groups of females which received hormonal treatment in addition to carcinogen showed thymus involvement as well (Fig. 1) . Large thymus tumours were seen in the females of these experimental groups, the lesions being either restricted to this organ or showed collective involvement of the spleen, liver and lymph nodes. On histopathological examination these thymus tumours were classified as lymphocytic or reticular lesions ( Fig. 2  and 3 ). The lymphocytic neoplasms are composed of uniform cells with large, basophilic nuclei and a narrow rim of pale blue cytoplasm. These cells closely resemble normal lymphocytes but often are much larger. The reticulum cell neoplasms, type A are composed of a single cell type, the reticulum cell. In some areas the cells are fusiform, resembling fibroblast, whereas in other areas, especially when they are within tissue spaces, the cells may be discrete, round or oval. Multinucleated giant cells are numerous.
Both types of lesions, lymphocytic and RCN type A, in the present material are classified according to the reports by Dunn (1954) , Dunn and Deringer (1968) , Yumoto and Dmochowski (1967) and Fujinaga et al. (1970) .
The lesions in carcinogen treated intact and castrated females without hormonal treatment were of the lymphocytic type (Table II) . Even in the group of females bearing pituitary grafts all the lesions 302 low when the thymus involvement was the main characteristic of the lesion.
Electron microscopic observations
Electron microscopic studies were carried out on a few leukaemic tissues from each experimental group. The type C particles, characteristic of murine leukaemia virus, were rarely observed in the spontaneous leukaemic tissues. The leukaemic tissues of intact and ovariectomized females treated with 20-MCA alone or along with pituitary graft showed type C particles as well as intracisternal type A particles (Fig. 4) . The ovariectomized females treated with carcinogen and ovarian hormones exhibited intracytoplasmic A particles exclusively in their leukaemic tissues (Fig. 5) The data are presented in Table I . Over the 36 years of inbreeding hardly any spontaneous leukaemia has been reported in our subline of the inbred Strong A strain. On carcinogen administration to the castrates 27% of animals developed leukaemia at between 10 and 13 months of age. Treatment with carcinogen either together with pituitary graft or with different doses of oestradiol did not accelerate the process of leukaemogenesis in Strong A castrates. The highest incidence of leukaemia (55%) was noted in the group of females treated with oestradiol and progesterone together.
Unlike in the ICRC strain of mice, the disease was never localized in the thymus alone, although thymus involvement along with spleen, liver and enlargement of lymph nodes was sometimes noted (Table   III) . The RCN type A lesion, which was frequently seen in ICRC females, was rarely observed in Strong A females, but the RCN type B lesion was seen in a few leukaemic females (Fig. 6) . Neoplasms (Dunn, 1954; Dunn and Deringer, 1968; Murphy, 1963) . Histologically the RCN type B neoplasm has been described as consisting of reticulum cells, lymphocytes, plasma cells, eosinophils and neutrophils.
DISCUSSION
The susceptibility of certain strains of mice to the leukaemogenic action of various chemical carcinogens has been reported before (Kirschbaum, Strong and Gardner, 1940; Rask-Nielson, 1949 , 1950 Shubik, 1962, 1963; Shisha and Nishizuka, 1971) . There are also reports in the literature of the leukaemogenic action of oestrogen when administered to mice (Gardner, 1947; Gardner, Dougherty and Williams, 1944) . This hormone also augments the effects of x-rays (Gardner, 1953; Gardner and Rygaard, 1954; Kirshbaum, 1953; Kirschbaum, Shapiro and Mixer, 1949) and methylcholanthrene (Rudali, Juliard and Desormeaux, 1956; Liebelt and Liebelt, 1962) in the development of leukaemia.
In the present series of experiments, treatment with the carcinogen increased the incidence of leukaemia in ICRC intact virgins having endogenous levels of ovarian hormones. The carcinogen had no accelerating effect in respect to leukaemogenesis in strain ICRC castrates deficient in ovarian hormones. In all other ICRC ovariectomized females treated with carcinogen, either along with pituitary grafts or with ovarian hormones, the incidence of leukaemia was increased with a comparatively shorter latent period. The results therefore strongly suggest the importance of hormones as an essential factor in the chemical induction of leukaemogenesis in the ICRC strain of (Muhlbock and Boot, 1959; Everette, 1956; Boot et al., 1962) . Since the oestrogen can act both on the hypothalamus and directly on the pituitary to promote synthesis and release of prolactin (Meites and Nicoll, 1966) , it is therefore quite conceivable that ultimately it is the direct prolactin stimulation that is responsible for acceleration of leukaemogenesis. The (Rappaport and Baroni, 1962; Stich, 1960; Rask-Nielson, 1948 , 1950 . Kaplan (1948) Histopathological studies of the spontaneous leukaemic lesions in the ICRC strain mice have been carried out and reported by Pai and Ranadive (1973) . About 56% of the total leukaemias studied were lymphocytic type whereas reticulum cell neoplasms constituted about 31% of the total leukaemic lesions. In 307 the present series of experiments, all the lesions induced with administration of carcinogen alone and along with pituitary grafts were lymphocytic neoplasms. Administration of oestradiol increased the incidence of RCN type A leukaemic lesions. The type of leukaemic lesions observed in the Strong A strain were different from those in the ICRC strain; exclusive localized thymic tumours were absent in the Strong A strain, but a rare type RCN B was observed in a few Strong A females.
The electron microscopic studies carried out on some of the leukaemic tissues from different experimental groups in strain ICRC presented interesting findings. Paucity of viral particles was quite conspicuous in spontaneous lesions. In 20-MCA treated intact and castrated females as well as in the pituitary transplant group, type C and intracisternal type A: particles were present, whereas in the groups of ovariectomized females treated with a high dose of oestradiol alone and together with progesterone, the leukaemic tissues showed an abundance of intracytoplasmic type A particles exclusively with complete absence of type C particles. It is therefore felt that under specific physiological conditions, type A particles may perhaps be another phenotypic expression of type C particles which are known to be the causative agent of murine leukaemia.
